Abstract. Preeclampsia is characterized by inadequate extravillous trophoblast (EVT) invasion, leading to feto-placental hypoxia, a release of an excessof anti-angiogenic factors, and finally eliciting maternal endothelial dysfunction and maternal symptoms, such as new-onset hypertension and proteinuria. Despite intensive research over the past decade, the initial pathogenesis of this disorder remains elusive. There are likely different subtypes of preeclampsia and maternal, fetal and placental factors all play an important role in the disease development. In this review, we focus on an immune-related pathway or pathophysiological causes relevant to a subset of patients with preeclampsia. Using the PubMed database, we conducted a literature review of various studies related to the pathogenesis of preeclampsia. The two-stage theory is a notable postulate of the disease. The antecedents of poor placentation are immunological, epigenetic and environmental factors in origin. The causes of inadequate immune mechanisms at the maternal-fetal interface in preeclampsia is considered to be a lack of human leucocyte antigen (HLA) class I molecules, such as HLA-G and HLA-C. A reduction in HLA molecules facilitate EVTs to elicit an immune attack that furthers cell killing. A series of the HLA-G promoter region on EVTs has been found to be more highly methylated in preeclampsia than in normal pregnancy, possibly due to the increased expression of DNA methyltransferase-1 (DNMT-1). Promoter hypermethylation is one of the major epigenetic alterations that may prime for HLA-G gene inactivation. Epigenetic alterations are reversible, and nutrition, lifestyle and environmental factors may be the epigenetic regulators that modify gene expression. However, the timing, cause and underlying mechanisms of HLA gene methylation have not yet been fully established. The adverse intrauterine environment that contributes to immune responses, inflammation, or oxidative stress may be associated with increased susceptibilities for a number of adult diseases, including preeclampsia. We have hypothesized that close interactions between the inherited epigenetic architecture (hypermethylation of HLA molecules) and adverse intrauterine environmental exposures (oxidative stress and inflammation) leading to epigenetic modifications and to the aberrant DNA methylation of HLA class I molecules, may act as an early event of preeclampsia development.
Introduction
Preeclampsia is a pregnancy complication characterized by new-onset hypertension and proteinuria that may be accompanied by generalized maternal endothelial dysfunction and end organ dysfunction. This disease leads to maternal and perinatal morbidity and mortality, and it also confers an increased long-term risk of chronic illnesses, including preterm birth, babies with low birth weight, cardiovascular disease and stroke (1) (2) (3) (4) . Emerging evidence suggests that the etiopathogenesis is multifactorial, resulting from a combined contribution of dietary and demographic factors, maternal genetic predisposition, epigenetic alterations and environmental insults (4-7). There are likely different subtypes of preeclampsia, which may arise from different etiopathogenic backgrounds, and maternal, fetal and placental factors all play a role (8) . Early-onset preeclampsia is likely caused by placental dysfunction. Late-onset preeclampsia develops predominantly due to the metabolic mismatch and disturbances, including obesity and diabetes. Both diseases affect endothelial function.
A number of researchers thus far have speculated that the placenta may be the main pathogenetic focus of preeclampsia, as the disease-related symptoms end with the delivery of the placenta (9) . Extravillous trophoblast (EVT) invasion and spiral artery remodeling are abnormal in women who develop preeclampsia, which leads to decreased placental perfusion and hypoxia (9) (10) (11) . Poor placentation leads to the secretion of factors related to processes, such as oxidative stress, anti-angiogenesis and aberrant maternal systemic inflammation, into the maternal circulation and then causes generalized maternal endothelial dysfunction characterized by increased vasoconstriction, hypertension, and other manifestations of organ dysfunction (9, (12) (13) (14) (15) (16) . Taken together, the two-stage model is a pathophysiological cause relevant to a subset of patients with preeclampsia and a notable postulate of the disease in which the abnormal spiral arteries modification leads to a poorly perfused placenta (stage 1) and produces factors, leading to the clinical manifestations of preeclampsia (stage 2) (17) . Vascular dysfunction is presented as a downstream effect of substances released by a poorly perfused placenta. Although the initial cause of preeclampsia remains unknown, abnormal EVT invasion appears to play an important role in the pathogenesis of preeclampsia.
Furthermore, emerging evidence indicates that preeclampsia has stage-specific gene signatures: Immune escape from natural killer (NK) cell attack may enhance EVT invasion ('stop' preeclampsia development) and inflammation, oxidative stress and an imbalance in the angiogenic factors promote disease progression ('go' preeclampsia development) (4, 7, 13, 14, (18) (19) (20) . This model underscores a stage-dependent 'go or stop' dichotomy that exerts opposing influences, possibly through a better ability to flexibly adapt to a changing environment. However, it would be of interest to determine what causes the abnormal EVT invasion and spiral artery modification. Previous studies have reported the alterations in the function of immune cells in relation to the degree of EVT invasion and increased susceptibility to preeclampsia, emphasizing the role of NK cells as an initial step of the pathogenesis of preeclampsia and mechanical progress (21) (22) (23) (24) (25) (26) (27) . In this review, we choose to focus on an immune-related pathway or pathophysiological causes relevant to a subset of patients with preeclampsia.
Data collection methods
The authors are members of the Japan Society of Perinatal and Neonatal Medicine and have written at least three published articles about preeclampsia. Some members of this article were assigned to design and review the fields of the research. A computerized literature search was conducted to identify relevant studies reported in the English language. We collected a comprehensive literature search from the PubMed and Embase databases up to December 2018, combining the keywords 'preeclampsia, 'extravillous trophoblast cells', 'human leucocyte antigen (HLA)', 'killer cell immunoglobulin-like receptor (KIR)', 'genotype', 'pathogenesis', 'oxidative stress', 'epigenesis, 'inflammation', and 'environment'. A variety of combinations of these terms were used, depending on which database was searched. Furthermore, the references of each article were searched to identify potentially relevant studies. Publications of original studies and review articles were included, while those documenting opinions, points of view or anecdotes were discarded. The final draft was submitted following multiple revisions.
Gene expression profiling and functional pathway analysis of preeclampsia
The integrative 'omics' research approaches, specifically microarrays studies, are widely used to identify the potential biomarkers and to understand the pathogenesis of preeclampsia (28) (29) (30) (31) . With the emerging advancement of next-generation sequencing technologies, high-throughput RNA sequencing (RNA-seq) also provides a valuable resource of spatial-temporal gene expression patterns (32) (33) (34) . Compared to microarray-based analysis, RNA-seq can detect splicing isoforms and somatic mutations by taking advantage of a higher coverage and greater resolution (34) . These approaches have identified the gene expression signatures and have predicted key pathways involved in preeclampsia-affected placentas (31, 32, (35) (36) (37) (38) . Although to date, at least to the best of our knowledge, there are relatively few available studies which have conducted gene expression analysis in preeclampsia-affected placentas using the RNA-seq method (32, 33) , a number of differentially expressed genes and their pathways have been shown to have the same direction of change.
First, the differentially expressed genes, including leptin (LEP), fms-related tyrosine kinase 1 (FLT1), inhibin subunit alpha (INHA), pappalysin 2 (PAPPA2), chorionic gonadotropin subunit beta (CGB), luteinizing hormone beta polypeptide (LHB), sialic acid binding Ig like lectin 6 (SIGLEC6) and corticotropin-releasing hormone (CRH), may contribute to the altered trophoblast physiology in preeclampsia (31, 32, 37, 38) . Low maternal serum levels of pappalysin 1 (PAPP-A), galectin 13 (placental protein 13; PP13) and insulin like growth factor 1 (IGF-I), and high levels of homocysteine, adrenomedullin A (ADMA), soluble endoglin (sEng), LEP, sFlt-1, inhibin A and activin A are predictive of emerging preeclampsia (39) . A majority of studies focusing on preeclampsia have shared several overlapping genetic findings on defective decidualization (35, 36, 40) . Abnormal decidualization leads to a decreased EVT invasion and to the development of preeclampsia, which corroborates the concept of the endometrial antecedents of preeclampsia (40, 41) .
Second, Gene Ontology enrichment analysis and functional ingenuity pathway analysis have been used to identify potential signaling pathways, suggesting that various physiological processes, such as chronic inflammation characterized by local or systemic oxidative stress (12, 16) and innate and adaptive immune system (13, 14) , angiogenesis, hypoxia, apoptosis and placental development are implicated in the pathophysiology of preeclampsia (15) . The following biological processes are also enriched in preeclampsia: Metabolism, cell cycle regulation, implantation, decidualization, cell-cell adhesion, the response to cAMP, the transforming growth factor (TGF)-β signaling pathway, Wnt signaling pathway and the Hippo signaling pathway (35, (42) (43) (44) (45) . The abnormal spiral artery remodeling leads to a state of relative ischemia and to an increase in oxidative stress. The anti-angiogenic molecule, sFlt-1, produced by the trophoblast and the sFlt-1/placental growth factor (PlGF) ratio are recognized as diagnostic and prognostic biomarkers of preeclampsia (9, 10) . Thus, an imbalance between angiogenesisand anti-angiogenesis-related molecules has emerged as an important regulator of the progression of preeclampsia.
However, as previously demonstrated, this pathway is known to be active in some women with preeclampsia, but not in others; half of patients with preeclampsia were shown to have normal levels of these markers (46) . Women with pregnancies complicated by preeclampsia exhibit chronic inflammation characterized by pro-inflammatory cytokines, oxidative stress (reactive oxygen species) and agonistic autoantibodies to the angiotensin II (Ang II) and type 1 receptor (AT1-AA) (12) . It would be of interest to identify any possible triggers of these abnormal pathways in susceptible individuals. Some factors may trigger disease initiation. Among these, the immune system may lie upstream as one of the underlying mechanisms of reduced placental perfusion (19) . An unbalanced regulation of immune responses may aggravate systemic inflammation, oxidative stress and endothelial dysfunction, which provides new insight into the role of immune pathway in disease initiation (13, 14, 47) .
Immune cells as the triggers of preeclampsia development
During placental establishment, fetal EVTs invade the maternal decidua, remodel uterine spiral arteries to create the blood supply and establish adequate nutrition (21) . Although EVTs express paternally derived semialloantigens, the maternal immune system must maintain immune tolerance toward EVTs to avoid inflammation that can threaten reproductive success (18) . Differentially distributed immune cells, including the forkhead box P3 (FOXP3)-expressing regulatory T (Treg) cell subset, dendritic cells, NK cells and macrophages are important for the adequate development of the placenta in early pregnancy (26) . The dysregulation of immune cell function may explain the development of obstetric complications, such as infertility, early and recurrent pregnancy loss, fetal growth restriction, premature birth and preeclampsia (18, 20) .
Tregs. Tregs have potent immunosuppressive properties and play an important role in the maintenance of feto-maternal immune tolerance during gestation (18) . Tregs promote reproductive fitness and facilitate EVT invasion into the uterine wall during the first trimester (18) . Therefore, insufficient numbers of Tregs or a low Treg activity have been widely associated with preeclampsia, a shift toward Th1 responses (17) . Several noteworthy review articles have been published on this matter (17, 18, 48) .
NK cells. NK cells are a small, but significant immunoregulatory T cell subset of human peripheral blood lymphocytes. Uterine NK (uNK) cells are distinct from peripheral blood NK cells and increase in number during early pregnancy (27) . uNK cells produce the immunoregulatory cytokines, interleukin (IL)-10 and TGF-β, inhibit cytotoxic T cell induction and inflammatory T helper type 17 cells, promote the generation of indoleamine 2,3-dioxygenase (IDO)-producing monocytes and Tregs and induce the apoptosis of effector T cells (49, 50) . These data suggest that uNK cells control EVT invasion and vascular remodeling during the period of placental formation and play important roles in the maintenance of pregnancy (24, 49, 50) . During gestation, NK cells are influenced by a combination of two sets of genes; the maternal KIR genotypes (the expression of various activating and inhibitory receptors on NK cells) (51) and the trophoblast (fetal and paternal) HLA allotypes, including HLA-G (52) , -E (53) and -C (22) . Certain combinations of KIRs on uNK cells and HLA class I molecules on EVTs at the fetal-maternal interface support successful immune adaptation, thereby facilitating increased NK cell function, trophoblast invasion, uterine arterial remodeling, placentation, embryo implantation and fetal growth (21, 49, 54 ). An excess production of activating KIRs relative to inhibitory KIRs plays an important role in a successful pregnancy. In other words, greater numbers of inhibitory rather than activating KIRs are found in women with defective placentation, e.g., preeclampsia, fetal growth restriction or recurrent spontaneous abortion.
HLA gene expression on EVTs in preeclampsia
HLA-G. EVTs lack the appropriate expression of HLA-A and HLA-B molecules, although they express the unique pattern of classic polymorphic HLA-C and the non-classic invariant HLA-E and HLA-G (55,56) . The HLA-G molecule acts as a major contributor to fetal-maternal immune tolerance induction in pregnancy, allowing EVT invasion into the maternal spiral arteries and a successful pregnancy (52) . HLA-G has immunomodulatory properties, promoting a shift from Th1 towards a Th2 response and providing a protective effect for the outcome of pregnancy (57) . IL-10 is an anti-inflammatory and immunosuppressive master regulator that protects the host from immune responses (58) . IL-10 upregulates HLA-G expression, induces immune tolerance and downregulates immune responses by decreasing the levels of pro-inflammatory cytokines, such as IL-1 (59). Serum IL-10 levels have been shown to be diminished in women with preeclampsia compared to women with normal pregnancies (60) . These data are in agreement with recent findings, showing a reduced expression of IL-10 (60) and HLA-G (61) in preeclamptic trophoblasts. One of the causes of inadequate immune mechanisms at the maternal-fetal interface in preeclampsia is considered to be a lack of the IL-10-dependent HLA-G signaling pathway (60) . Other underlying causes of preeclampsia include genetic variants and single nucleotide polymorphisms (SNPs) within the HLA-G molecule (57, 62) . Dynamic alterations in the promoter CpG methylation and/or genetic variations in the 3' untranslated region (3'UTR) polymorphisms of HLA-G gene may play key roles in the HLA-G regulation (please see section below entitled 'Epigenetic regulation of HLA genes in preeclampsia').
HLA-E.
HLA-E is other major histocompatibility complex (MHC) class Ib molecule that is expressed on EVTs (62, 63) . To date, at least to the best of our knowledge, there is only one available study demonstrating that the decreased expression of HLA-E mRNA may be involve in the pathogenesis of preeclampsia (53) . Although HLA-E expression has been shown to be repressed by DNA methylation in breast cancer (64), we have no information with respect to DNA hypermethylation of HLA-E molecule in preeclampsia placenta.
HLA-C. HLA-C is the only polymorphic HLA molecule expressed by EVTs at the maternal-fetal interface (49) . The activation of uNK cells by KIR binding to HLA-C molecule promotes trophoblast invasion (22) . The combination of NK cells lacking activating KIRs with a fetal HLA-C on EVTs predicts a risk of preeclampsia (65) . In other words, a reduced expression of HLA-C may contribute to the inhibition of activating KIRs, which possibly leads to a suppression of immune escape from NK attack and trophoblast invasion. Further studies are required to determine whether the expression of HLA-C on EVTs is reduced in women with preeclampsia when compared to women with normal pregnancies. (49) . The expression of activating KIRs on uNK cells reduces NK cell responsiveness and contributes to a successful pregnancy (22) . There is convincing evidence to indicate that the lack of activating KIRs can lower uNK cell activation and predispose pregnant women to preeclampsia, suggesting that a KIR genetic variation may influence the risk of developing preeclampsia (21, 49, 54) .
Genetic combinations between
In addition, EVTs escape NK cell detection by upregulating HLA haplotypes G, E and C. Several studies have identified that HLA genes are globally dysregulated in preeclampsia (53, 57, 60, 62, 67) . A reduced expression of HLA-G in the placenta (61, 68) and soluble HLA-G protein in serum (69) are considered to be associated with the development of preeclampsia. The maternal HLA-G genotype, HLA-G 1597ΔC null mutation, leads to an increased risk of developing preeclampsia (70) . The levels of HLA gene expression in whole peripheral blood (HLA-A) and placenta (HLA-DRB1) have also been shown to be altered in patients who have later developed the disorder (67). Therefore, the development of preeclampsia probably depends on certain genetic combinations of KIRs and HLA molecules.
Epigenetic regulation of HLA genes in preeclampsia
It would be of interest to determine what causes the aberrations of the HLA gene expression in susceptible individuals. HLA-G is induced by various stress-inducible conditions, including interferon (IFN)-β, IFN-γ, TGF-β, heat shock, hypoxia, arsenite and IDO, which leads to immune escape (65, 71, 72) . Progesterone also upregulates the expression of HLA-G, E and -C (73, 74) . By contrast, HLA-C expression has been shown to be downregulated in human trophoblasts via the inhibition of nuclear factor (NF)-κB activation (75) . The NLRP2 gene is a member of the nucleotide-binding and leucine-rich repeat receptor (NLR) family, containing an N-terminal pyrin effector domain (PYD), a centrally-located nucleotide-binding and oligomerization domain (NACHT) and C-terminal leucine-rich repeats (LRR) (75) . The PYD is necessary and sufficient for the suppression of the activity of the pro-inflammatory transcription factor, NF-κB. NLRP2 is a maternally imprinted gene and is highly expressed by EVTs, and functions as an anti-inflammatory factor (75) . However, little is known about the regulators of the spatial and temporal expression of HLA-G, -E and -C genes on EVTs.
To date, a substantial number of epidemiological studies have been published, indicating that preeclampsia is associated with an increased risk of hypertension, cardiovascular and metabolic diseases in later life (1) (2) (3) (4) . Maternal preeclampsia is a major determinant of an offspring's risk of developing cardiovascular disease, stroke and mental disorders during later adult life (4) . The adverse intrauterine environment factors, including immune responses, inflammation, or oxidative stress, play a key role in causing this disorder. Adverse environmental programming in the early periods of life is a phenomenon that affects metabolic, physiological and psychological functions throughout life (7) . Epigenetic modifications permit the fetus to adapt the expression of specific genes exposed to the adverse environment and leads to an increased risk of developing chronic diseases in later life (6) .
Epigenetics and environmental factors, such as inflammation and oxidative stress can influence DNA methylation-related plasticity (76) . Dynamic alterations of DNA methylation and demethylation are an example of aberrant epigenetic marks. One example is that environmental factors, such as oxidative stress can influence the expression of CpG demethylase, ten-eleven translocation (TET), which recognizes a wide range of endogenous DNA methyltransferases (DNMTs) (77) . The TET gene mediates the hypermethylation of matrix metalloproteinase-9 (MMP-9), which reduces EVT invasion in preeclampsia (77) . Not only alterations in the promoter and enhancer CpG methylation/demethylation, but also functional polymorphisms in the 3'UTR, may be the critical mechanisms involved in the downregulation of HLA class I molecule expression (78) . A series of the HLA-G promoter region on EVTs have been shown to be more highly methylated in preeclampsia than in normal pregnancy due to the increased expression of DNMT-1 (61). Promoter hypermethylation is one of the major epigenetic alterations that may prime for HLA-G gene inactivation. Furthermore, microRNAs (miRNAs) bind conserved 3'UTRs of the HLA-G gene to prevent their translation, and a SNP in the 3'UTR affects the binding of miRNAs, which may influence miRNA targeting and HLA-G mRNA stability (79) . The upregulation of HLA class I molecules on EVTs is an important mechanism which aids in the escape from maternal immune attack (80), while reduced levels of HLA molecules facilitate EVTs to elicit an immune attack that furthers cell killing (81) . We thus hypothesized that adverse intrauterine environmental exposures leading to epigenetic modifications and the aberrant DNA methylation of HLA class I molecules may act as an early event for the development of preeclampsia. However, the timing, causes and underlying mechanisms of HLA gene methylation as regards the adverse intrauterine environment have not yet been fully established. We cannot currently describe how an adverse environment influences the expression of DNMT-1 and how the DNA methylation of HLA molecules affects the development of preeclampsia.
Conclusions and considerations
In this review, we first reviewed the literature to reveal the underlying molecular mechanisms responsible for the development of preeclampsia. Previous studies have represented a comprehensive characterization of the preeclampsia transcriptome and have identified biomarkers and potential signaling pathways. The 'omics' studies, including microarray and RNA-seq approaches serve as attractive high-throughput, large-scale gene screening methods for the determination of differentially expressed genes. The majority of these transcriptome data and a network of signaling pathways have been obtained in placental tissue samples by case-control designed studies. The principal points of the present review are as follows: Preeclampsia is considered to be a disease of three stages (Fig. 1) . The first stage concerns the decreased expression of HLA class I molecules, such as HLA-G and HLA-C genes, possibly through promoter hypermethylation or 3'UTR polymorphism of HLA molecules, leading to an inadequate interaction with uNK cell receptors, KIRs (57, 78, 79) . The HLA-related factors modulate the immune tolerance of the mother and allow EVTs to escape immune attack (80). A decreased HLA gene expression reduces the activity of antigen presentation, possibly enhancing the body's immune response against fetal trophoblasts (81) . Alterations in the functions of immune cells, predominantly NK cells, in relation to the degree of EVT invasion, may play an initial role in etiopathogenesis of preeclampsia. However, the causes of the abnormal expression of HLA molecules should also be determined. The DNMT-1-mediated promoter hypermethylation of HLA-G is associated with preeclampsia (61), suggesting that DNMT-1 upregulation may be an epigenetic marker in women who will develop preeclampsia later in life. Adverse intrauterine environmental factors, such as inflammation and oxidative stress may influence the expression of endogenous DNMTs or TET demethylase (77) . Taken together, in the first stage theory, the inherited epigenetic architecture (hypermethylation of HLA molecules) and acquired environmental factors (oxidative stress and inflammation) may be an initial step to preeclampsia. Dysregulated placental immunity contributes to the next stage of preeclampsia (4) . The second stage involves the inadequate EVT invasion that may result from the decreased expression of HLA class I molecules. A lack of EVT invasion results in poor placental perfusion. This process leads to the release of an excess of anti-angiogenic factors, which are responsible for generalized endothelial dysfunction and maternal symptoms, such as new-onset hypertension and proteinuria (19) . The antecedents of poor placentation are considered to be immunological, epigenetic and environmental factors in origin (5, 22) . The relative failure of early EVT invasion and the remodeling of the spiral arteries leads to a poor blood supply to the placenta, exposing it to oxidative stress and inflammation (9) . The third stage is the maternal syndrome, which is characterized by a generalized systemic inflammatory response involving maternal endothelium through the production of pro-inflammatory cytokines and anti-angiogenic factors (19) . Recent review articles have described the main role of anti-angiogenic factors in the pathogenesis of preeclampsia (12, 13) . Maternal endothelial dysfunction can trigger maternal disease and can subsequently lead to clinical manifestations. The decreased HLA expression and increased immune attack may activate the domino-like effect of poor EVT invasion and then a generalized systemic inflammatory response.
Second, we addressed the immune-related pathways relevant to the initial causes of the development of preeclampsia. We discussed the interpretation and modeling of preeclampsia development, with a focus on the HLA molecules on EVTs as an initial stage of this disease. Recent evidence suggests that the interaction between KIRs on NK cells and HLA class I molecules on EVTs may be the point at which the apparent partner specificity of the disease originates. A number of studies have revealed significant differences in the numbers of individual activating and inhibitory KIR haplotypes genes between patients with preeclampsia and controls (21, 49, 54 ). An excess production of inhibitory KIRs (KIR2DL1) relative to activating KIRs (2DS2, 2DS3 and 2DS5) has been shown to play an important role in the pathophysiology of defective placentation, e.g., preeclampsia or fetal growth restriction. The expression of HLA-G and HLA-C has been shown to be reduced in women with preeclampsia when compared to those with normal pregnancies (61) . When the fetus possesses HLA-C, mothers who lack activating KIR have been shown to have an increased risk of developing preeclampsia. In other words, the reduced expression of HLA-G and HLA-C genes may possibly lead to the suppression of the immune escape from uNK attack (82) . These findings strengthen the role of HLA function in the initial step to preeclampsia.
Third, prenatal adverse environments, such as maternal stress and toxicological exposures, can disrupt normal placental development and contribute to defective placentation (76) . Although the placenta is the central organ for pathogenesis, epigenetic mechanisms in the placenta highlight the importance of a fine-tune orchestration of DNA methylation, miRNAs, histone modifications and chromatin structure (83) . Recent epigenetic mechanisms associated with the dysfunction and dysregulation of decidualization-related genes have a critical impact on the susceptibility, development and progression of complex diseases, such as miscarriage, preterm birth, or preeclampsia (35, 36, 40) . Furthermore, a previous study demonstrated that half of the decidualization-related genes in preeclampsia-affected placentas are downregulated and are also located within and in close proximity to known imprinted genes, suggesting an association between an epigenetic process and genomic imprinting in preeclampsia (36) . A wide variety of biological processes, including environmental factors, can modify the imprinting and heritable DNA methylation. The downregulated expression of HLA genes may be related to the higher levels of DNMT-1 transcripts, coding for marks that maintain the epigenetic status of cells (61) . This suggests an epigenetic link between adverse intrauterine environments and the development of preeclampsia in later life.
Finally, this review includes two major weaknesses. There are likely different subtypes of preeclampsia (8) . We wished to identify the initial cause of early-onset preeclampsia. Although the incidence of preeclampsia is increasing, early-onset disease is less common than late-onset. Hence, the number of patients with early-onset preeclampsia is likely to be limited in studies not specifically designed to examine this subgroup. Conclusions appear to be partially based on the assumption that studies conducted in women with all forms of preeclampsia apply to women with early-onset preeclampsia. Furthermore, this is not a systematic review. All findings are presented as equally certain, with no consideration of things, such as sample size, study design, blinded analysis of samples, or strengths and weaknesses of specific methodologies. These studies aid in our understanding of the (epi)genetic mechanisms underlying disease process; however, they are limited, as they do not come close to replicating the complexities that exist with in vitro and in vivo models.
In conclusion, our focus in this review was to demonstrate that improper immune responses are associated with the initial manifestation of the development of preeclampsia. Despite increasing evidence in the literatures addressing the role of genetics in the field of the pathogenesis of preeclampsia, very little is known about the epigenetic pathways involved in the initial step of this complex syndrome.
